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idea8 expreosed Llor crfticismr of idesr with the name8 of particular 

ind%vidwrlr. Thaw, t h b  repart has been faflaoanced. by many people, even 

though, i n  m a t  =Gee, they are umamed. 

rcpcxtlag, haurvrer, lies solely with the euthorsj 

The r c a p k i b i l i t y  for accurate 
0 

The nsture of OUT d%8Cuoi3fGn8 can be cucmarized by the folhm€ng 

questions which are dndicetjlve of o w  genercl approach t o  the subject: (I) 

*.at experhente sould be useful io CALTY out from a apace ve’itfccle appraactr’lng 
, 

the uta) fran Earth? (2) What 1s the 8pecffj.c scientific pa-peee of these 

experimente? (3) A t  what maxZmusl distance from the mun do these experiaeote 

offer enough fmpraveraent wer efmiler expe~ iwnte  carried obuard arb$ting 

Earth Satellites to justify the added technical d3fffcultiea of approaching 

u@8r to the sua? (4) What are th general requPremeatr of the rpace cr8ft 

for pointing accuracy and control? 

’Ih f k a t  question led to a rather uncritical l fet ing of mcperimcatr, 

acme of which could be &mediately diecarded jheu challenged by quootioar (2) 

a d  (3). We ha\rcr r e t a i d  sotme of there earfZy diecarded meperheatr in 

thio rrpc#t for the aake of coPnpbtenesrr and future reference. 

we do not vish t o  Imply that o w  f i a t  ie complete i n  any 8tnae. The l l r t  

reprc~atr eimply thoee experfmeats that were of intereat t o  8- meeber 

of the discweion group. 

rc ient i f ic  justification of a proposed expcrimnt in order to dirtbgulsh 

the meritoriouc e~rperimnts fran those that are suggested silagly became 

they btcorpe possible d e r  the particular cireaetosces. 

&8 di f f i cu l t  to onewer %a mny CBWS and hVQh7er 6- knowledge of the 

technical d i f f i c u l t h a  of performing such experhento. We have cmstdered 

In doing 60, 

The second queetion asks aesamtfwlly for a 

The third queatfon 



these diffieultdas only i n  crude terms, and became of thir 1-taticm 

deatgn, e tc . ,  end becauere i t  is helpful bn the planning of a solar probe 

vehicle. We have specifically avoided detailed eonsideratioma of wfgkt ,  

The di8cW8ha tbt follawa is not LntelPdad in any woy a8 a proposal 

far ruppart of specffic epace experiments. It i o  intended only a* a guide 

to  thme wbo rubreqwatly may wl6h to propose experhente. 

The rcientiod wish t o  observe the run and i t e  spece environment: 

from vantage p i n t a  nearer to  the I\W thcan the orbi t  of Earth l a  prompted 

by 8 t o  gaia better phy8dCd deretanding of rha 8UIl 8nd it8 
_- 

emrirajimat. An observing 0tatfocr nearor the a m  would experience a 

great- demity of radiant flux from the sun and would v f w  a sun of 
&: 

large angular diiapreeer. A8 o result, mal1 featweta on the auct a d  faint 

drr iona  would be relatively eaeter t o  detect. F=thexmore, the uature 

of @alar phaaoaem is stoeh that we cannot oafely aoa~py tbat an obrezvcr 

o t  Earth i o  capable of detecting a l l  thet trsersptrcr on or near the 6un. 

In particular, mgrretic ffeld ccmfiguratioar w8r the 6;uo M y  change 

markedly wfth l ittle QI no detectable change et the orbit of Earth; a d  

may ft4LTb6, or other solcu: pheuaena, without ever praducfng an obeerved 
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We have arbirzsr l ly  adopted this iccrease as the marginal value for 

studies aimed a t  $.n-:raascd zJFa"sia1 ueso1ution, %.e., the increoraed angular 

resolution becarmr 3 canpelling factor when T < 0.1 A.U. 
c 

Shce  the total flux received by a collector increcleea in proportion 

eo r , a theovetLcs1 Ptlcresse in uscfu?. flrut of a factor 20 P.8 achs*cvrd 

a t  0.1 A.U. I n  rnrily. cases, however, t h i s  tctcll Lncrease can not be 

ut i l ized  because of desfgn problerq. 

general n;argiml. cmdi.tFon for s tudies  requiring @*eater flux levels.  

Some notable except::lons to th f s  3rbitr:azy condition w i l l  ariee, however. 

-2 2 

Again, we have s e t  0.1 A.U. as the 

In setting the above L&zlts,  ve recognize that it is technologically 

far nore di f f i cu l t  to reach 0.1 A.U. than to rezch 0.3 A.U., and that thlr 

alone m y  offset t ' 2 e  advantages gained by shorter distance from the a m .  

We kave not taken this into consideration. 

the assumption tkz t  the difficulty of achieviag a major reduct1c;n in r i r  

roughly com;sarablc ?o increasing either flu collectfng power or the 

sendt iv l ty  of flux detectton by a factor' of 10 . A Bohr proble a t  

0.3 A.U. would very definitely present attong sdvantagea i n  increased 

epetfal reeoluttor! on the suit and rnfnfaim observable i n t e n s i t i e s .  

it seems t o  cs t o  be more r e a l i s t i c  t o  atteapt t o  achieve th is  seat? gain 

by increasing the flux gatherlng power- of instrrarents abcard Earth satellites 

by a factor of 10. 

Instead, we have proceeded under 

2 

However, 

, A further advantage of 8 CLQEX solar prcbe over an Earth s a t e l l i t e  fs 

in the required ac:~aecy and stability of pointing. 

featme such as B spicule  or grsnule with 1" of erc angular size a t  the 

orbig of Farth si~b-eads 3-3"  of arc a t  0 5 3  A=U3 8nd I@" af e!: 0.1 A.U. 

For exanple, 8 6ofar 
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The pointing accuracy arid stability of the space vehlitPe required t o  

Again, the relstive exopenee of t - l r l s  gain must be weighed fn t e r n  of the 

engiueering difftcultfes,  vwht~h we do not feel competent t o  judge. For 

thie recasoc, we have excluded k n n  our  study any consideration of 

experiments deslgmd primairily for achtevlng very h€gh spatial resolution. 

We have included eorre exfsQr:.fmnta where merely "better" resolution. is 

daelred, hoxuever . 
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together wfth cm+znte on the poesible origins of interplaaetary neutral 

hydrogen are d i s c ~ s o e d  fn 8 subsequent sectton. 

Meaewencents of the total absorption i n  the core of the dfrect B o h r  

Lpan-a line eppesr to be posdble asad would provide v81uoblc date on 

interplanetory hydrogen. 

accurate profi les  of the abrorptfoa core should be utflized. 

If possible, enough spectral rerolutim to obtsin 

The dote -auld  be of fntereet aver the entire flight path. Tbe 

probe should 8ppraech wtthin 0.5 A.U. of the am. 

. . . . . . .  -- . -. .. . . . . . . . .  ... -".. ". ' *  
,L__ . . . . . . . . . . .  -_. . . .  
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where % t s  the :,t:&er of scattering S Z G ~ O  da a euMc ceakir>*:-Q1: P La the 

probe-sun d l o t m c r  and X La t'3e Esr::k-&:m dtstanee.  A kpmn-a photon 

counter capable of detect ing  1 x 10 

able to  detect a t  1 A.U. mi average Es 

probe line and PI: average N 2 .2 looking directly away frm the e m .  

9 ghotoiv; pes sec, wouZd therefore be 

H - > .12 h u k i a g  a t  90' t o  the sun- 

H 
I€ N~ i o  prcpmtional t o  E', the w i e r i c o l  coefficients fn equations (1) 

and (2) are redtrcsd by factors of about 2 and 4, respectively, and NH fs 

redefined 88 the afb ient  ?I in the v i c in i ty  of the probe (see appendix). 

ObvPfously, N cataot  continue? t o  increase towards the and the 
13 

fz 
- L  approximation t k t  NH CT r 

an3 et greater dllaranceo from the BU. 

l o  intended only in the vicinity of the probe 

If there- 1.s enough rieutacl hydrogen fn fnterplaaetory apace to be 

observed i n  t h i ~  :my, clrtngis in the emfssion with osfentatf-an of the 

iastrment ai:d IS? A i  disteace from tFc ::un ~ h ~ u l d  provide the necessary 





pliamtary scattering. 

the counter can be shie lded from all InExplanctary flux except ahat arising 

i n  the aol id  angle subtended by the corona. 

to the corsplaP f l ax  if the probe is a t  f A.U. and NH= 0.1. 3f  the probe 

i s  a t  0 . 3  A.U. ,  ;zk-esmbly the 2nt~r:tlasedsry flux dscreaasae, markedly and 

the cororral film %acresees by 8 )  fitactor of about 10. 

Eowever, if the C C i O m  ie ima;ged ou B p h ~ t ~ r ~ .  counter 

This latter flux is cmparable 

A t  0.1 A.U. the coronal 





r 
. 4  

\ 

-13- 

- *-*. Separation --- of F and K Corona. (Suggeatcd by Atby)  

'ihe true solar corona (K-cozoK-~) a t  suspot  mxiaei or near the 801m 

equator a t  eunspot mfnimlrm merges a t  about on@ rsdftw akwe the 801m limb 

with a false F-corora prodwed by €or-.:szd rcatteaciq by faterplanctsry d w t .  

f t  l e  l ikely that: the fntexplacetnry dt:.2t $8 very tea-wt .~ eear the am and 

relatively denser a t  greater clislar:c:tta. A solar probe c t  0.3 A.U. would 

6 ) ~ e  an F-CCXOIV~I with en intensity reductsd by a t  lesst a factor OF 3 .3  and 

possibly by over a factor of 10. A redxctioa by a factvr of 3.3 i n  the 

brightneso of the F-corona would ulc it  ccmparable w i t h  the brightmas of 

the K-corona (at the Zirzee arid posit ion fndicatad) a t  atcut two radii  &ove 

the solar l inb,  end B reduction bn the F-coro~a brightEcsa by a factor o€ 

10 would make the two comparable in brightness et diatarcee, varyfng from 

3-10 redit above the eobr limb. Direct observatdona of the COPODZQ a t  

0.3 A.U. will therefore shaw much more of the struetuxel ~3etai.l of the 

true K-carom than W i l l  ObSe?~8t fOiI$  a t  1. A.U. 



are descrete feature8 like rpolreo radiating frm 8 central hub. 

If we aimme that 8 @ven atrelamer is a! spoke-like stz*ucture we cannot 

tcllwbere it ia :  anchored fn relation to features on the solar d i s k  bfithout 

forming a three dimnrional caronal picture.  

Stmultaneous pictuxes of the CO~GF,EI  rmde €ran two pointer i.%ich subtend 

an angle of sborr: IO* or greater \&ea v l a w d  fron tho u*m cortld be u$ed t o  

ccatutruct three dimeneional m d e l a  WE the corons that ere considerably muprior 

to modelr currersly avatlable. 

substantially or the spatial rcrololtionr of the pictwcea and on the angular 

separation of el. e observing pointr. 

The succeoe of such a program depends 



I 
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F - -OrrUul..*ilW..- Zodiacal U m a B  F-Corotm. (Suggested by NewkSrk) 

From the intansdty a d  po?arizatioa of the zodlaccrl l ight  and the 

variation of these quaatitiea with elongstlao angle from the am it ie 

p o e ~ i b l e ,  i n  principle, to detetmine the efze distribution of particlea 

i n  the interplanetary medium. The interpretation of such obaervrtionr l e  

greatly complicated by the fact that not only the size distribution but 

a180 the spati&1 diatrfbutisn of tha bzsttotfcg pautic1er m w E  be faferred 

&an the obserrvotione~ With ao many parameters required to  deecrlbe the 

interplatwt8ry durt it i o  aot rurpria&q3 t b t  the ob8mttonr  ht8d to 

rmbiguous reeultr. Obaervatlons of the eodlacal light or the F-carocu 

from a 'Cloae-ln Solar Obeervatoryqo as it slowly approached the a m  

would be of ineetfmble value since the parsmters of the rpatial distribution 

could be inferred directly from the observations. 

c 

Alro by per%erming such an emrimeat we might well be able to answer 

a aphero of particle free space the aun has 

l a n e t m y  mwiiian. Several reaeercherr HQvt 

estimated that the eolar system wfehln the orbit of Venus f a  caeeati&lly 

free of interplanetary particlee. Such ~aeasuremcnts could not only answer 

the direct question of what i r  the dlrtrPbutiou of faterplane~ry arterial 

in the tuner srok ~ y r t m ,  but would also shed l ight  op1 the rsthrr 

intriguing problenm of the dynanfcr of the interplanetary particlea. 

%e inuft%sseQtatloa required to observe the Lntembty, the pol&rltatlon, 

and the dfrectfon of polarization of the zodfocal light a t  representative 

angles caveritag nearly the entire sky would be extremly simple. Only the 

cme of apprlsxicmtely 20° Imlf-angle contered on the SUI) would be excluded 

h 



-17- 

from mearurement la order t o  keep the optical system uf photometer to 

the simplest posrible form. The run rhield of the satellfitc could be u r d  

as 8 rather large occulting d i rk  to prevent d i r e c t  photwpheric l i gh t  

from striking any portion of the t o d i 8 ~ a l  l i gh t  photometer, which vould 

be on the antl-oolar s ide of the vehacle. 

the zodiacal l igh t  photometer would scan the sky would, of COUSCK, depend 

The exact program by which 
i 

upon the type of mtel l i t t  otabil ization. 

The accuracy with whfch the oboervationr would be required would be 

8pproxPIDPtely oue percent in re la t ive  intenofty. To accq1 i .h  t h i r  

s t a b i l i t y  moot eimply i t  would be aeceeaary t o  calibrate the photometer 

on the attenuated radiation of the  d i rec t  Bohr dlsk seen through the axlo 

of the satellite. 

fJe make the, 8dr~ittedly Inexperienced, guhrr that a rodf8c81 tight 

phofcxeeter-poiuimoter of approximately 2 or 3 inch aperture aud itr aclrocfated 

eleetmdcr tmdd weigh oppooxhtely f ive  to ten poundo. A8rmlag th8t the 

photamter were to  examine the zodiacal l igh t  in 10' by 10' rcllmpler we fiad 

that epprmcfau~ei~€y 500 Ipaatpling poe l t iom in the sky vould be reqtdrwi. W i t h  

3 pfecar o f  data to  an accuracy of one percent from each mupling po8itioa 
5 we should need opproxiraately 1.5 x 10 pieces of in formt ion  while the 

rotellite i s  i n  a given position in the molar caystem. Under the 8ddl t ianr l  

acrsumption that date %s derired from a t  least ten different locatiocro in the 

rolar system from 1 A.U. t o  0.3 A.U. spyrux%mately 2 x 10 pieces of 

information would be required during the entire operetion of the experiment. 

6 

The s l igh t ly  different  form of zodiacal l igh t  photometry involved in 

crbirerving the F-CO;:QM reqtdreo a more eophirticated piece of equipment but 
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G - ' gghfte u _--&-_i* Lfght L _U_----.UL. Detectionzf Pla3a;a Clods.  (Suggested by Athay) 

h glama c l o d  ejeeted Erm the sua may contain enough electrons to 

give the cloud appreciable brlglitness in the visual speckrum atiring from 

ecattericg of stualight. 

plasme cloud fn z3hich the product of electron density, N 

diameter, L, is 10'' ema2 would have about the lame brlghtnerr a1 the 

zdiacrrl l ight  et the same elongation angle. 

arrived u t  by extrapolation from the coronal btightnerr. 

A t  an angular dirrtence 9 2  10" fraa the IM, a 

a d  cloud 
e' 

Thir value of NeL is 

A t  0.5 radii  

beyod the rolar lid, WeL) corona SY lo1' ano2. A t  10' from the limb 

the flux density of photospheric radiation i r  reduced by about lo'* and 

a cloud with NeL IJ lor5 cmo2 could be about IOo4 am bright as the corm 

at  0.5 r i d f i .  Thir i. coapardblc to the brightnor. of tli. aodtacd l ight .  

A zodiacal light phot-tex scanning i l c t o ~ s  the plane of the ecliptic 

sear the rsun would be capable of detecting such cloudo. 

is not bo much advantage fn 8 close approach to  the 8uI1. 

a zodiacal. light or F-corona photmeter ~ i u l d  almost automatically detect 

In thfe case there 

On the other hand, 

these clouas if properly p r o g r a d .  
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M - Rotation of Interplanetary Metw-r and Solar Wind, (Suggerted by Bfllinga) 

The extent of the coupling betwen interplanetary material a d  the 

rotating Solar coram i6 of prime importance in both dohr and dutcrp2awt8ry 

pliysfcs. 

eeaentialiy as a solid bdy. 

body r o t a t i o n  wit1 break down and the motion of the gar end mrgnetic f i e l d  

will. be determined by other factors, The l i m i t  of sol id body rotation m y  

be different for the gas than I t  is for the mgnctlc fge ld .  

Near the sun the gas end magnetic f f e l d  InUt rotate w i t h  the iun, 

A t  8cae  dietance further out this rrolid 

If there i a  no solar wind and no magnetic f i e l d ,  the solid body rotation 

of the gas ohould break ~ G ~ . J Q  in the region where the kinetic energy of 

rotation equals the gravitattonal potential energy. 

in the absence of a general magnetic f f e l d ,  the r o l i d  body rotation of the 

g+m will  break down either when the expansion energy exceeds the p o t e n t i a l  

energy or when the exp.nsioa velccity becoma ruperronic, The presence of 

a msgnatlc field all significantly a l t e r  thsae apprmlmtc criteria for 

rotation of the gas If the megnetic f i e ld  enert3y f a  comparable to either 

the kinetic  energy or gravitational potential enerLey. 

the case i n  the taterplanetary medim. 

~ E ~ B I I Q ~ L C  f i e l d  ard the ooler wind, the k i n e t i c  energy due to rotation is 

equal t o  the gravftational potential energy a t  about 0.2 A.U.  

Parker'a(l) mcdel of the asokar wind,  we fdnd that the kinetic energy of 

cexranefon and gixavktatioa~l potential ersergy are hqw1 8t about 0.1 A.U. 

and the w i n d  bet-8 supersonic a t  about .lWiA.ll. The latter two nmberr 

are uncertain to 8 rather large extent. 

0.1 A.O. ami 0.2 A.U. m e  44 a d  58 kaisec, reagectively. 

If the w i n d  is blowing 

Thia i r  uot likely 

If we neglect both the eolar 

ming 

The rotational velocities a t  
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Both the a p e d  und gradient of the solar w h d  ore very ernaitive 

to  the tmprature StrwtUPe of the cor‘ona. Hence, sbssrvstiaar of the 

speeds and dlrccticrnr of motion of the rohr wind particles could give 

vsluable Inforamtion OR the thermal properties of the eoroua. 

however, tiat unlere s probe approache8 within about .OS A.U. of the iun 

It appesrcl, 

relatively l itt le infomatioar. w i l l  be obtained i n  addition to that already 

obtaiiuble a t  1 A.U. 

The co-rotation of the aolar magnetic f i e l d  depends eubetantirlly t p n  

the nature of the molar wSnd 80 well 88 upon the solar aad interrtcfl~r 

magnetic Z i e l d i .  Axford, Dessler and Gottlieb(*’ b e  recently ruggerted 

that the solar magnetic f i e l d  ca-tototee with the IUD out to 8bout 50 A.U.,  

wherca8 the gar co-rotation etops 6t .bout .OS A.U. If thfr fa  the cera, 

g r h d  by mapping magnetic f i e l d  vector between 

e t  period8 unless dirtslncer within about -05 A.U. 

a 

of  the oun are possible. 
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1 - Solar Neutrons. (Suggested by Todd) 

It i6 probable that the outer regions of the BWI'Q atmosphere can 

produce egergetic neutrons capable of escaping the grav%tatioreol S h l d  

of the sun. 

Mev up to Bund~2d8 of Mev are observed t o  emanate from the iun. 

A t  titnee of o a h r  activity,   proton^ with encrgiea ef LI few 

Such 

protone v f l l  almost certainly undergo interections with nuclei, cawing 

charge exchange scattering and producing East neutrem. Other p o ~ ~ i b l e  

interactfons &P@ nuclear dfsintegretfoole and evaporatfoRs (8-r-fommttoa). 

of neutron productdon tpon the eleven-year aoler cycle. 

be pointed out that neutrons produced a t  depths greater than 150 g/cm 

It ahould alro 
2 

w i l l  have a large probabi~ity of absorption withPn the am. 

Several attempts to meeeure S Q ~ E  neutrons have been made with ucgoeive 

or rrmbigwus results md it f e  clear that a t  a dietonce of one astronoarical 

unit the number of such neutrons cannot be Large compared to the number of 

mutrona an the earth's outer atmosphere rrlsing fram primary cosmic ray8 

and fram albedo prmeaeres. 3-8 Kmver, in the experiments thua far 

accanpliehed, the neutron6 produced i n  the atmosp11ere by cosmfc rays and 

by albedo processesr mdoubted1ym;srsk the presence of e o b r  mutrow. It 

should fwther be pointed out that i n  the gruduction processes mentioned 

above the neutron specerum produced should be expected to be a power l a w  

spectrumwith appreciable producthn only a t  energies lower than, m y ,  a 

couple o€ hundred Heva and probably with the production concentrated 

primarily a t  energies of a f e w  tens of Wva, and leaa. 
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Table I 

h t r o a  S W - 1  Probability a t  0.3 A.U. Relative to tbt 8t 1.0 A.U. e u d R U t W )  

_ a u t r o a ~ ~  6L9.jl Relatiw Robabilltp 
3.3 0.2 2.2 x IO 

1 eo s.5 x lo4 
10 24.1 

30 4.9 

100 2 e 9  

lo00 1.6 
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n - F ~ & Y  aomtim aad DOPP 1ar Shift. (Sugge8t.d by Sillingo 8ad Wttle) 

%be receptiaa of radio slgart of b;aara iofti.1 polarimtlaa from 

a trrwdtter oa a solar probe wuld y i e l d  imfmtioa 00 th arga+tlc 

field and electron denait9 of tb intervenSng d i m .  'fb Doppler rhift 

of tb oigarl, prod& by p b u  oufts  in local irr-hritPer, tn a 

oirf3ar -mer would indicate tbe extent of wtiom a l q  tbe path of t tu 

ri-1. In effect ate would meaim tbe intYp.1 of tb wgoetic field, 

dearity dirtributiao, or o r d H  m ~ t i o l u  0011 the path of the oigarl. 

Superlmpomd upoa thlr would bo iatrimie time mriatloa SIB tbae paramekro. 

In fact, the 1-1 tiaw varhtion -7 be ohoct campard to the prowera 

of the probe i n  orbit.  A t  k a t  it i a  likely to be a difficult -1-t 

te ieterpret. the further diffdculby in the meorua~sat of the ?ara&y 

rotation is f n t r o d d  by t& ualmam contrlbutloa to tbe polarlmtioa 

of the rLgar1 i n  tranmwoiag tb ionraphere. It $8 weU ertabUobed tht 

there u e  frequeat local vuiatlaar of short period0 in  tb fowophere which 

alter the polarhation. %bum, a probe experiment dealg~wd to m a -  ?ara&y 

rotatioa io interplanetary apace de! rq&e afeurtameow ewru~emeatr 

of Faraday rotatiem la the icmo%phrr. along the 88me ray trajectory. 
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Q - F i e l d s  and PJrt5cles. 

While we h v e  not gi.3en detaflcd consideration t c  the many f i e l d  

m d  psrtJ,cIc3 experiimcnts Chat rhre ruggcsted by 8 close Bolnr probe, we 

submit the fsllcmin~ general rennzlrs. 

ejection o f  pl-aarxi clocds with enbedded n a p e t i c  fields that  penetrate 

a t  least os far os the orbit of Earth are not infrequent. 

probable that a t  distances from the sun of the order of 0.3 - 0.lA.U. 

such plasm-magnetic field events w i l l  be cmsidernbly nore frequent 

than a t  1 A.U. 

Solar events resulting i n  an 

It seecis very 

The solar  meclinrabn leading t o  the expulafon of energetic particles 

and photons is not understood. 

interpret  available data in  terns of p h p i c a l  mchaniem is tha t  events 

tha t  are otherwise very siElilar sometines produce energetic par t ic les  

and s m t h c s  do not. 

disco7~cred o real ly  satisfactory l€nk Between the prod-action of par t ic les  

of either high or low uercy and OtZtei. specific charactcristics of related 

solar cvrnta . 
have be.r? p s q m e ;  os being clocely relutcd t o  polar proton events. 

mvst be admitted, h o ~ m ~ e t ~  that none of tI3e~ie proposed relationships 

purpor t  to amwc,'i the hitsic questLon of j u s t  how the eimgctic particles 

are ucczlcroted w d  vhat specific relationship the occ -*Lerntion mechanisn 

has t o  the prrchcticn of the related optical. or radio went. 

qucst:lone m3t be ansmmxl, b:n6 they cammt be unt i l  wr: Zaiaw nuch more 

concem-hy; the t o t a l  flare eveat? bath in the electrcmgnetie and 

Part of the d i f f icu l ty  in attempting t o  

This forces us t o  conclude that  we have not yet 

Ihny specific cpt!-cal. and radio characteristics of f la res  

X t  

These 

p3rtlic zf? spec t73.m. 
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Il - Gravitational Red Stiift. (Suggated by Bender) 

A €urther e.xperlurmt to be cmidcrcd  for a low Fsrigce solar 

s a t e l l i t e  is a sleasurmezat o f  the slor~ing d m  of lidit go ing  by thc 

sun. 

and a pulsed luw threshold laser aboard the s a t e l l i t e .  

One verslon of the expcrinmt: would be t o  put il frequency atandarcl 

With u lo-'' 

radian beam aimed at the earth arid a 0.1 joule output this  gives about 

10" phgtmslnet~r~ of collector in 
-l 

SEC and in less tIim a 1 A band- 

width. This sliould bo eaqxtred with fluctuations in scattered sunlight 

near the linb in a roughly loo8 atcrrodian so l id  angle for a cqarablo  

time. Since tha solar d id :  glvm about 5 x 10 6 photaa/meter*, in 1 A, 

loe8 s t e r r a d i w ,  a d  10'' set, the fluctuations about 0 .1  solar radius 

fron tho linb should be small. The laser would flash perhaps evcxy f.r 

ninuteo at tiuw controlled by tho s a t e l l i t e  frequency standards and the 

receivcd pulses could h t inedvith respect to  frequency standards on 

tho earth t o  better than 10'' see. Since the e?tperhcrrt: would toke of 

y standard uncertatntg of one port in 'I: of a &y aad a 

11 10 r m u ~ ~  give o 10" scc per a;ly t h e  uncertainty, t i la  mjor wrcor- 

tnintbes would probably be 2n tlie satellite frequ-y atandard and in 

t&e InuwPedge of the s a t e l l i t e  orbi t ,  

For n sntalfite passing behind the oun, the predicted tine delay 

clue to light passing through tIic ~1un's gravPtationa1 f i e l d  is given by 

Chc ~mcral theory of relat ivity 45. Weber, privotc cwuunication) a3 

& (.&I r 4- R - D), 
3 

C 
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whore r mil R arc the clistcmceo of the s a t c l l i t e  and c:rsrcI~ frm the 61x1 

and D is distance of closest approach of the ear th-sa ta l l i t e  l i ne  t o  the 

center of the sun. 

and is 

TIie mxfnm rate of chtlnec of Ct m.xm at the limb 

where R, is the solar radius. For Q 0.3 A.U. perigee orbi t ,  the resu l t  

is about 10” 8ec per chy on the first pass about 4 moaths after lmmch 

and about 2 x log5 sc@ per day on another pass about 9 months of tor  

launch. 

Another version of the oxporhent would be t o  have o transponder 

aboard thc satellite and neaaure the tine direct ly .  Eowover, loo7 sec 

thing over more than 1 A.U. using conventional oricruum cnmnlniCatigne 

systans 8ccm digf icu l t .  lalether n loser transponder rmuld be sinpler 

than a frequency otnndord aboard is Imrd t o  guess. 

The inportasice of a f a i r l y  -11 perigee cama from the result- 

fastar paasap behind tho am and thua lower s t a b i l i t y  requirmcnta on 

the frequency standard. A1808 i f  the perigee is near tho orb i t  of Venus 

or  further out it w i l l  take two year0 or nore for the vehicle t o  Q&C 

its first puss behind the sun. Two may-to-analyze orb i t s  ore  those 

with pertodo 1.5 and 2.5 t h s  shorter than tho earth’s. These put the 

s a t e l l i t e  a t  perigee m c  year after launch at so lar  diotoncos of 0.53 and 

0.09 A.U. and give rates of change fo r  the tino delay oE about 25 nicrosec/ 

day and 150 microscc/day. Tho 0.53 A.U. perigee orbi t  vould not be qui te  



03 ouitatlc for the mcpcrhent as o closer orbit because of tlio smller 

nuubcr of paoees per year but would be usable. 

arc mall enough the predicted change in delay could be clieckod t o  5% 

or bettor. 

If orbtt: uncertointiea 



Particles end f i e l d  observratiow neat the R U ~  at tho tis~es of solar 

flares hold praise of fncrsasi~y, greatly 0-x Iacwlalge of the flare 

phenofaenon. No one can predict t a i t h  certainty just Iiorw much we atand 

t o  gain by such observations, bclt certainly this is il prmising space 

experhent with great potential rward. 

For these s x p e z h m t s ~  isn apprclrmch t o  3bmt 0.3 A.BI. from the sun 

An appro?& to 0.1 A.U. would be comiderably w u ~ l d  bc  very vsj.uiable. 

aore vclltxrable, hm-ever, 
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S - Intcrotelhr Vind. (Sumeoted by Ihnricr:) 

Tho sun's peculiar notion ralativo to the nearby Gtaro, and prc- 

amably relative t o  the galactic framework, Itas a mmftude of about 

20 Idscc. TIiw, intorotcllar Ens, mootly neutral hydroam, will swoop 

post tho sun in Iiypcrbolic orbits corresponding t o  a velocity at  infinity 

of 20 I;n/sac. S a m  of the hydrogm o t w e  w i l l  be ianized by the SUR'S 

radiation and w i l l  be captured by the solar and interplanetary fielda. 

Tho ovaroae dcnsity of tho g a t  a t  infinity, 13 of the order of 1 hydroGen 

atom por cm . 3 Both the conccntratia and velocity of the gas will increase 

near the aun, however. 

It is ostiraated (see next section) that at  .05 A.U. tho inter- 
ateflat deruiity of neutral hydrogen gae nay be 88 high a8 IO2 - 10 4 anrn3 

and that the optical thicl31eas in the interplanetary region m i & t  easily 

exceed 0.1. 

a ciiiicEul study --- - os-&@ - -alpha central absorption core or throudi a 

IE so, tho bterstcllor wind ohould be dotcctable through 

3m -olglia by interplunetary hydrogen. At a 

perihelion distance of 0.3 A.U. o neutral Iiyilrop?n o t m  in tho inter- 

stellar wind would have il velocity of about 80 1.a per BCC. This could 

produce il Doppler ohi f t  i n  the Lyn;la..alpIm line observed in the dircctim 

of motion o f  0.32 A. 





&3gcsted Emerincnt Scientific I G h S h  Pojintim Scan 
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V - hddcd Note3 on Suggested E:pcrincnts 

A - The Aboomtipn Cora rf Solar Lyman-alpha Procluccd in a lJcutro1 
Cumonent of fntcmlacctory Hydroan Gas. 

Smc of thc physical properties of the interplanetary gas follow 

fairly directly frm general geophysical and astrophysical circuratnncco. 

For waplc, the range i n  dcnsity values lies between 1 cn -3  and 10' c n 3  

proton-electron ;>airs. 

in intcrstollar space, and the lattcr, tho d'hopnan vaiuc from mgnccic 

otorn data. 

TIzc fornor volcc To the over-all dcmi ty  of mtter 

A plausible density of ncatral plus ionized gao i3 then, 

If thc  GUS Clms at: nn nvcroee vctocfty of 500 I;n.~ec", the Lymn- 

alpha line aboorption (or misoion) will be shifted 2 A to the bluc of 
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thc chromospheric l ine .  

wide we could obnewa etle goo perhaps most caaily by obeervfne the inter- 

planetary Cnfssion in the Lyntm-alpha line. 

Since tho chranor;plicric line is only about 1 I(i 

On the other hmd, if wc assmc tlmt the d-fty is constant (at 

eoy n E 10 ), and the fps is stationary, we CM find tho way in which 

reveroal of Lymn-alpha would build up In Chc planetary system cs onc 

obsarvos the Bun frm ciitfercnt distances. 

nodel would incticotc tho possible role of intarotellar gas, incident oe 

neutral otons onco the solar oyatm, in datemining chc density o f  the 

hEQrplan@taY?y uedim. 

2 

For cxaipla, t h i a  at i l t ic  

8 

Tile absorption rate of Lyr;lan-eontinutarr photonc by a neutral hydrogen 
4 aton wing with velocitioo less than about 10 !P/SCC w i t h  respect t o  

the sun is given by x ,  Pc whcrc y<, i o  the absorption cocEficirml: in tho 

Lynmr-continuum mJ Pc i s  the Lpn-continurn photon flux. Over the 

f%rst 100 A of thc Lynrm cantintma, 3., SY 5 x 

3 :: 10-8 scc-? 

CD 2 and Pc SJ 6 x 1C 9 
-2  -1 m scc a t  the orbit of tho o n r t h .  Thus, the absorption rate io 

The c o l l i o i m l  ionization rate €or a neutral. hydrogen a t m  depends 

upon electron dcnsity md tecrpcsoturc. For an electron dcnoity of 1C 2 

the collioon cutes are: 
5 5 x lo4 1 x 10 4 tcrqcratxre 2 x 10 
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4 !?cor the orbit of earth IIC cxpcct T 

photoelectric ionizcltians predwinotc nmmhac ovcr collisonnl XI 

ionizatims. 

5 :: 10 and Nc = IO2, so that 

As fie apprmch the sura, electron clcasity, tmparaturc and Lynan- 

continuuu flux density a l l  increase. 

increases in proportion to r 

tho sane Prrw up t o  abwt 0 . 1  A.U. 1Jitliin 0.1 A.U.  f3ie electron density 

izcrzasa ~‘“sstct  t!mz ro2 m ~ !  cc~~isc?r,s  ::ill prcc~misate dce t o  t ~ s  

cffcct nlono. Also, the increase in tmperature nearer the sun will 

greatly increase the coll.Ls5onal ion%mtion rate. 

Tfic Lymn-contIr.um flu:< domity 

and eloctron density obeys ceoentinlly -2 

1 

At 0.3 A.U.,  the terapei-aturc m y  be DB high as .5-1 x 10’°K, in 

which case c o l l b i a n a l  ionization rates probably cxcecd photoiunllzetfon 
n 

rates by factors of about lQ- lCJ  respectively. 

A neutral hydrogen atm i n  thc interplanetary oyotao a t  a distance 

between .5 - 1 A.U. w i l l  lmve D lifetinc? for ionization of about .8 - 3 x 10 

oec, or about 3 - 12 mOntho, respectively. If it is moving at: a speed of, 

soy, 20 Im per set, it w i l l  travel o distance 1 - 4 A.U. &riW this time. 

Past moving atom w i t h  perigee distance > .5 A . U . ,  therefore, w i l l  lmve 

a law probubility for ionization by solor radiation. 

7 

The ratio of neutral, tb, t o  ionized, N hydrogen a t a s  is given by P’ 

- u  % rocdbet ion rate 
N ionization rate P 
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rate of about 

and plr * (3.1. 
and the collisionnl tonizrrtfm rntc about 2 x - 2 :: 10 -4 . Thur,, 

l$/l\ - 4 x 10'' - 4 :; 10 -7  and l$ - 4 2: IOm2 - 4 s 10 - 4 . 
The foregoing cnlcul-ationo a m n x  that a given 1iyc"rogen atom rcnains 

in tho local environment oufficicntly long to reach iorkat ion equilibrium. 

Brendt Iiaa shown that this irr probably not strictly II-c case and that 

dlfikaion transport my be bportant $n the equilfbriw.. 

Bidered ao an additional uncertainty in  tho cnlculntior.o, but thio added 

9 

Thio may be con- 

uncertainty is not I i h l y  t o  change the order of magnitude of the prc- 

dictcd values of Nil. 
We now consider the problem o f  €ntor-stcllar gcro fbwing past the 

If thio gacJ is ionized by the sun's U.V.  flux, it tlicn bocaaeo OM. 

subject t o  the mgnet€c fields of 5ntcrplaetnry space and is in effect 

captured by the sofar oygtcn. 

this proceos nay be ost-tad 

Tho densfty of captured gas created in 

follows: 

The neutral hydrogen of the intcrntellar wo QOVCC in a hyperbolic 

orbit around the am,, wLth a relative velocity at knfirfty that can be 

eatfnatod t o  bo 20 t-s*oec-l. The njtninum diotance an atom of the gas 

would cme to the sun i f  the obow were not ionized en route is 

atan. 

from the t h e  & the a t m  s p a &  a t  ro from the sun, t 

In a rough a m e ,  the probability oE ionization :an be computed 

7'r ro/vpori where 

L: io the speed oE the o t w  a t  perilialion distance. mO/(DV/ro) = Vperi 
2 RT /DV. The f o n i z a t i m  per aton a t  dfotnncc r Erm ti:? e m  per sactxa.3 
0 
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arc: 

where X3) is thc specific intensity, a d  Tr io etlc radiakim tarperuturc 

c1iaroctorizSn.g tho solar Lyumr continum. The total ncxbcr of ioniza- 

and f o r  thie to bc a 50 percent probability, 

whicla sham that D the impact paranotes within which over 1/2 tho 

incident interstellar atoms ate ionized, depends only 0.1 the sun, and 

the speed of the interstellar p s .  

112 

If we set V 13 20 lm*secLf ,  and cl~oooe 
Tr correnpmdinG t o  8 Lynan continuum photon flux of G :: 10 9 photon 

Note that th i s  conputation ignores collisional ion Izcltion which is 

inportant a t  tfii3 distance. 

out, oay, D = 3.5 A . U .  

Tltur;, Dz,z ~ h o u l ~ l  bc mved nonewhat further 

1/2 

artre dcnoity o f  captured particles f o l l m m  froa an 3Jt2mate of the 

rate of capture In conpasison wit31 the rate of loss. I * Ncor is their 

their themi opced, R Chc rx?im n f  the corona 
COP 

d m i t y J  vr&cr 
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within which the mtcrial nccuntlates, we cquatc 

412 2 V 'iT Da12 2 Ncorvthor cor 

\le used DlI2 because tlia ninimuu di6tance cf approach of an atom with 

- 1 cno3, averaged over large volumco of the Nilky W a y -  In l lnited %T 
ragiono, Nnn my go QB high ac 19* mo3. Then 

over a sphere of radiuG 1/20 A.U. 

be oboewad QO an absorption feature, tie should have t, a 1. 

In order for the newrolhydrogen t o  

If the 

density 

1 A.U. ,  

or T = 
Q 

A, 

of the interstellar conponent falls as l/r 2 frm 1/29 A.U. out to 

observable, m d  suggcsto the desirability of a study of the variations of 

the Lynnn-alpha core with diotonce from tho sun. 



B - Lmn-alpha Scatteriw by Intemlanetary Ilydromn. 

Lynan-alpha misaion scattarcd by interplanetary :iyclro~on is i l lua-  

tratcd by the follawing geometry: 

If the photon flux density E m  the sun is a,, the flu: scattered into D 

1 cm 2 aperture at the probe by a volume 2m 2 3im chc c i i  i o  

where M i o  the an@ betswoon thc direction to the scatloring voluue and 

the n o w 1  to the aperture and Y r  i s  tile dwsity of ne:traf hydrogen. 

POP the case under consideration, we m y  30smc that 1,- is uniformly 

distributed over a banduidth of 1 A, which is v i d e  cm:orcd t o  the offec- 

tivc width of a,,. Ile Eurthor oss*xx  that a,J is G o u o s L ~ ~  and obtain 

Tlic solar photon flu:< do m y  bc written 

2 
lo=%$ 

where = 2 . 7  x 10'' cn-2 BOC -1 is the flux density at. the orbit of Earth. 



nits, ttio total  scattered flux, L I pawing tliroua a c  I en2 apcrturc 

a t  p is 
P 

3 c) 

A t  90' t o  the probe-sun line, d" c r2 -1- a- in il diroction opposita thc 

sun d N 4- a rmd fn tho dfrcction of the sun d r - a .  If we td;e 

y1 = c w t m t ,  we obtain 

-4 2 9 r ,  E (goo) 5.5 :: 10 y1 0.3 x 10 It1 ;> P 

L (130°) 2.7 x 10' :, P 

and 

L (0') = 2.GS :: 10" lg :. P 

uhero % is the mbicmt d w i t y  near ffie probc. Again - 3  (0O) assumes 

I$ 0 inside 0.3 A.U. 
r: 



C .. Coronal Electron Scntterfn,r: of Lvnan-al~lio. 

2 r. io 6.6 3: c ~ 3  and the coi-on31 clectron i ta s i ty  is about 3 x 13" 
.I 

Thus, the photon flux scattcrod by 1 cn-' i o  about 15 per 8ec. 

effective path length for a tangential ray t&~.-ou& t&o inner 

corona ia approxhtely (hrCyI)'/* cs C x loLo, \there 1; is thc vertical 

scale height. IIence Q 1 cn2 tangcntilal coLumr scatter: about 10 12 photons 

per scc. Of thcsc scattered photons, a fraction 3.G :: or 3.6 :; 10- 1G 

plzotons per sxI will pass tlirough a 1 cn2 aperture at  t1ie orbit of artl l .  

The flux of scottored Lyrxn-nlpho pl~otors from the ent:re corona a t  the 
8 orbit  of Xhcth if3 1.r; :: 19 CCI %?c . "hc f lus  at: 0 f A.U. i o  1.6 :C It; 

ctl 3cc . 
G -2 -1 

-2 -I 

c:,prcssions for  L (0 ' )  nust  bc corrcctcd by a factor 1 2 x Tl~us, 
P 

at: 1 Q.U. FJC obtain 

for % * conrrt and 
Lp(Oo) 3 . 1  x 10 7 

for lb Q d'l for d > 0 . 3  A.U. md % a 0 d < 0.3 A.U. - 



interplanetary scattering Erm tlac direction of the 8: n would be conpar- 

able t o  the coronal ocnttcring oboczvcd a t  1 A.U. At 3.3 A.U. the coroml 

o c n t t e r h g  w m l d  incrcmc by a factor 10 and the intc-.>lanctnry scattcr- 

ing would presumbly diooppczlr . 
me man Doppler velocity of coronal clectronr: (. .xwning 10'0~) is 

5500 Is/cec,  m d  ehc Doppler width of tlta scattered I.: :xin-alphil l h a  

w i l l  t>e about 22 i. A spcctro:pxp1i witxi 5 A rcsoiuti- a raoii'+c~ gi.;e 

tclinblc infomation on the Zinc profile and would pe.~ft n dctcmination 

of tho electron tcnpernture. 

Tha profits d the interplanetary acnttarod Lyric: -alpha w i l l  pre- 

aumb~y have a Doppler vidtli DE about: 0.04 - 0.13 X i- 3 to them1 

~rooden;~n6 a t  a tcnpcrnture of 10 - IO'OK. 
4 
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